1.
Sintering theory has been developed to a high degree of sophistication. 1 -3
But the theory as usually applied depends upon a fundamental assumption that is known to be invalid for many crystalline solids, 4 the assumption that the 0 driving force for sintering is a function only of different curvatures in ~~ surfaces of the same specific surface free energies.
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It was evident that at constant temperature and pressure the driving force for sintering of particles with anisotropic surface free energies must be a favorable gradient in Gibbs free energy, but a quantitative expression for the gradient could only be a matter of speculation until the quantitative relationship between the thermodynamics and kinetics of equilibrium among subparts of isolated crystals was known.
When edge effects and defects can be neglected, a particle is stable or metastable relatively to shape changes if for any change ow = oi:cr .A. >0
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where ow is a differential change in work of surface formation,~ is the work of formation of a unit area of surface i, and A 1 is the area of that surface.
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Herring showed that the relationship also applies when a crystal can be bounded by a combination of planar and rounded surfaces. 6 Gibbs himself pointed out that, because molecules at crystal edges would be less strongly bonded than molecules near the center of a face, rounding of an equilibrium particle could be expected that is not predicted by eq. l.
Thus, for isolated particles there were two related questions. What is the condition for equilibrium when edge effects are included? How can the net molecular exchange be zero between two parts of a crystal when molecules are more strongly bonded in one part than in the other?
2.
These questions have been answered by explicitly evaluating the roles of vacancies in reducing particle free energies and in equalizing the molecular fluxes between sites of different characteristic bonding environment. 7 ' 8 The condition for equilibrium in a crystal at constant temperature and pressure is
for every pass i b 1 e differentia 1 change in G, the Gibbs free energy, where \J.· is or aggregates of particles are unstable to any shape changes for which cG as defined by equation (3) is negative:
For aggregates of particles the summations are over all molecules of the aggregate. The influences of grain boundaries and of line defects such as dislocationsp edges, and ledges on surfaces or grain boundaries can be incorpora~ed into equation (3) by introducing additional terms in the summation. 
3.
The various terms in ~; and ~vi are of the same order of magnitude, and ki = Nvi/Ni is ~xpected to be <<1. Consequently 6G = 6EN.~. 1 1
Equation 4 can now be expressed in terms of macroscopic variables:
where o. is the unit free energy of the interface or surface of area A., y. is Implications of equation 6 to sintering kinetics will be the subject of another paper. Here several deductions that depend mainly on the thermodynamics of sintering will be presented.
When the special assumptions of early stage sintering theory are adopted the driving force assumed in that theory is recovered. The terms in yihi and interfacial free energies are neglected and surfaces are assumed to be rounded 
5.
A major driving force for filling pores and for sintering is the free energy of reduction of crystal edge lengths. Figure 1 illustrates the reason with a two dimensional analogue in which the incomplete rows A and B on an outer crystal surface and pore surface respectively play the roles of incomplete sheets on outer surfaces and pore surfaces of a three dimensional crystal. In the nearest neighbor bonding approximation, one or two molecules of the two dimensional crystal can be transferred from B to A with no net change in free energy. One molecule can also be transferred from A to B with no net change in free energy, but transfer of two molecules completes the row and produces a net free energy decrease because a net increase of one nearest neighbor bond has been produced. In a dislocation-free three dimensional crystal, much larger statistical fluctuations produce negligible free energy changes. But when fluctuations produce shapes of increased total number of bonds, return to the initial shape becomes improbable.
In the early stages of sintering any lines of particle-particle contact provide sites like those of the pore of Fig. 1 to which additional rows of molecules can be transferred from particle surfaces with eventual decreases in free energy. But the transfer will be similarly impeded if ledges must be periodically nucleated. 
